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SELF-CONTAINING Lactococcus STRAIN 

The invention relates to a recombinant Lactococcus strain, with environmentally 
limited growth and viability. More particularly, it relates to a recombinant Lactococcus 
5 that can only survive in a medium, where well-defined medium compounds are 
present A preferred embodiment is a Lactococcus that may only survive in a host 
organism, where said medium compounds are present, but cannot survive outside the 
host organism in absence of said medium compounds. 

Lactic acid bacteria have long time been used in a wide variety of industrial 
10 fermentation processes. They have generally-regarded-as-safe status, making them 
potentially useful organisms for the production of commercially important proteins. 
Indeed, several heterologous proteins, such as lnterleukin-2, have been successfully 
produced in Lactococcus spp (Steidler et a/., 1995). It is, however, unwanted that 
such genetically modified microorganisms are surviving and spreading in the 
15 environment 

To avoid unintentional release of genetically modified microorganisms, special 
guidelines for safe handling and technical requirements for physical containment are 
used. Although this may be useful in industrial fermentations, the physical 
containment is generally not considered as sufficient, and additional biological 

20 containment measures are taken to reduce the possibility of survival of the genetically 
modified microorganism in the environment. Biological containment is extremely 
important in cases where physical containment is is difficult or even not applicable. 
This is r amongst others, the case in applications where genetically modified 
microorganisms are used as live vaccines or as vehicle for delivery of therapeutical 

25 compounds. Such applications have been described e.g. in WO 97/14806, which 
discloses the delivery of biologically active peptides, such as cytokines, to a subject, 

^by_recombinant non-invasive or non-pathogenic bacte ria. WO 96/1 1277 describes the 

delivery of therapeutic compounds to an animal - including humans - by 
administration of a recombinant bacterium, encoding the therapeutic protein. Steidler 

30 et a/. (2000) describe the treatment of colitis by administration of a recombinant 
Lactococcus lactis, secreting interleukin-10. Such a delivery may indeed be extremely 
useful to treat a disease in an affected human or animal, but the recombinant 
bacterium may act as a harmful and pathogenic microorganism when it enters a non- 
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affected subject, and an efficient biological containment that avoids such unintentional 
spreading of the microorganism is needed. 

Biological containment systems for host organisms may be passive, based on a strict 
requirement of the host for specific growth factor or a nutrient, that is not present or 
5 present in low concentrations in the outside environment, or active, based on so- 
cailed suicidal genetic elements in the host, whereby the host is killed in the outside 
environment by a cell killing function, encoded by a gene that is under control of a 
promoter only being expressed under specific environmental conditions. 
Passive biological containment systems are well known in mircoorganisms such as 
1 0 Escherichia coli or Saccharomyces cerevisiae. Such E. coli strains are disclosed e.g. 
in US41 00495. WO 95/1061 discloses lactic acid bacterial suppressor mutants and 
their use as means of containment in lactic acid bacteria, but in that case, the 
containment is on the level of the plasmid, rather than on the level of the host strain 
and it stabilizes the plasmid in the host strain, but doesn't provide containment for the 
15 genetically modified host strain itself. 

Active suicidal systems have been described by several authors. Such system 
consists of two elements: a lethal gene, and a control sequence that switches on the 
expression of the lethal gene under non-permissive conditions. WO 95/10614 
discloses the use of a cytoplasmatically active truncated and/or mutated 
20 Staphylococcus aureus nuclease as lethal gene. WO 96/40947 discloses a 
recombinant bacterial system with environmentally limited viability, based on the 
expression of either an essential gene, expressed when the cell is in the permissive 
environment and is not expressed or temporarily expressed when the cell is in the 
non-permissive environment and/or a lethal gene, wherein expression of the gene is 
25 lethal to the cell and the lethal gene is expressed when the cell is in the non- 
permissive environment but not when the cell is in the permissive environment. WO 
99/58652 describes a biological containment system based on the relE cytotoxin. 
However, most systems have been elaborated for Escherichia coli (Tedkin ef a/„ 
1995; Knudsen et a/., 1 995; Schweder et ai, 1 995) or for Pseudomonas (Kaplan et ai, 
30 1999" Molino et a/.. 1998). Although several of the containment systems theoretically 
can by applied to lactic acid bacteria, no specific biological containment systems for 
Lactococcus have been described. 

It is the objective of the present invention to provide a suitable biological containment 
system for Lactococcus. 
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A first aspect of the invention is an isolated strain of Lactococcus sp. comprising a 
defective thymidylate synthase gene. Preferably, said defective thymidylate synthase 
gene is inactivated by gene disruption. Even more preferably, said Lactococcus sp. is 
Lactococcus lactis. A special embodiment is a Lactococcus sp. strain, preferably 
5 Lactococcus lactis, more preferably a Lactococcus lactis MG1 363 derivative, whereby 
the thymidylate synthase gene has been disrupted and replaced by and replaced by a 
human interleukin-10 expression unit 

Another aspect of the invention is the use of a strain according to the invention as 
host strain for transformation, whereby the transforming plasmid does not comprise 
10 an intact thymidylate synthase gene. 

Still another aspect of the invention is a transformed strain of Lactococcus sp. 
according to the invention, comprising a plasmid that does not comprise an intact 
thymidylate synthase gene. 

Another aspect of the invention is a medical preparation, comprising a transformed 

1 5 strain of Lactococcus sp., according to the invention. 

The Lactococcus lactis subsp. lactis thymidylate synthase gene (thyA) has been 
cloned by Ross et aL (1990a); it sequence is comprised in SEQ ID N° 3 and SEQ ID 
N° 5. EP0406003 discloses a vector devoid of antibiotic resistance and bearing a 
thymidylate synthase gene as a selection marker; the same vector has been 

20 described by Ross et aL (1990b). However, although it would have been logical to use 
this vector in a Lactococcus lactis strain, this has not been realized due to the lack of 
a suitable thyA mutant. Indeed, such a mutant has never been described. Surprisingly, 
we were able to construct such mutant by gene disruption, using homologous 
recombination in Lactococcus. In a preferred embodiment, the thyA gene is disrupted 

25 by a functional human interleukin-1 0 expression cassette. However, it is clear that any 
construct can be used for gene disruption, as long as it results in an inactivation of the 

thyA gene or in an inactive thymidylate synthase. As a n on-limiting example, the 

homologous recombination may result in a deletion of the gene, in one or more amino 
acid substitutions that lead to an inactive form of the thymidylate synthase, or to a 

30 frameshift mutation resulting in a truncated form of the protein. 

Such a Lactococcus sp. thyA mutant is very useful as a host strain for transformation, 
in situations where more severe containment than purely physical containment is 
needed. Indeed, it is known that thyA mutants cannot survive in an environment 
without, or with only a limited concentration of thymidine and/or thymine. When such a 
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strain is transformed with a plasmid that doesn't comprise an intact thyA gene and 
cannot complement the mutation, the transformed strain will become suicidal in a 
thymidine/thymine poor environment. Such a strain can be used in a fermentor, as an 
additional protection for the physical containment, but is especially useful in cases 
5 where the strain is used as a delivery vehicle in an animal body. Indeed, when such a 
transformed strain is given orally to an animal - including humans - it will survive in 
the gut T provided a sufficiently high concentration of thymidine/thymine is present, and 
will produce homologous and/or heterologous proteins that may be beneficial for said 
animal. However, once said strain is secreted in the environment, e.g. in the faeces, it 

10 will not be able to survive any longer. 

The transforming plasmid can be any plasmid, as long as it cannot complement the 
thyA mutation. It may be a selfreplicating plasmid that preferably carries one or more 
genes of interest and one or more resistance markers, or it may be an integrative 
plasmid. In the latter case, the integrative plasmid itself may be used to create the 

15 mutation, by causing integration at the thyA site, whereby the thyA gene is inactivated. 
Preferably, the active thyA gene is replaced by double homologous recombination by 
a cassette comprising the gene or genes of interest, flanked by targetting sequences 
that target the insertion to the thyA target site. It is of extreme importance that these 
sequences are sufficiently long and sufficiently homologous to obtain to integrate the 

20 sequence into the target site. Preferably, said targeting sequences consist of at least 
100 contiguous nucleotides of SEQ ID NT1 at one side of the gene of interest, and at 
least 100 contiguous nucleotides of SEQ ID N°2 at the other side; more preferably, 
said targeting sequences consists of at least 500 contiguous nucleotides of SEQ ID 
N*1 at one side of the gene of interest, and at least 500 contiguous nucleotides of the 

25 SEQ ID N° 2 at the other side; most preferably, said targeting sequences consists of 
SEQ ID N°1 at one side of the gene of interest and SEQ ID N°2 at the other side, or 
said targeting sequences consist of at least 100 nucleotides that are at least 80% 
identical, preferably 90% identical to a region of SEQ ID N° 1 at one side of the gene 
of interest, and of at least 100 nucleotides that are at least 80% identical, preferably 

30 90% identical to a region of SEQ ID N° 2 at the other side of the gene of interest, 
preferably said targeting sequences consist of at least 500 nucleotides that are at 
least 80% identical, preferably 90% identical to a region of SEQ ID N° 1 at one side of 
the gene of interest, and of at least 500 nucleotides that are at least 80% identical, 
preferably 90% identical to a region of SEQ ID N° 2 at the other side of the gene of 
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interest most preferably said targeting sequences consist of at least 1000 nucleotides 
that are at least 80% identical, preferably 90% identical to a region of SEQ ID N° 1 at 
one side of the gene of interest, and of at least 1000 nucleotides that are at least 80% 
identical, preferably 90% identical to a region of SEQ ID N* 2 at the other side of the 
5 gene of interest . The percentage identity is measured with BLAST, according to 
Altschul et ai (1997). A preferred example of a sequence, homologous to SEQ ID 
N°1 is given in SEQ ID N° 7. For the purpose of the invention, SEQ ID N° 1 and SEQ 
ID N° 7 are interchangeable. 

Transformation methods of Lactococcus are known to the person skilled in the art, 
1 0 and include, but are not limited to protoplast transformation and electroporation. 

A transformed Lactococcus sp. strain according to the invention is useful for the 
delivery of prophylactic and/or therapeutical molecules and can be used in a 
pharmaceutical composition. The delivery of such molecules has been disclosed, as 
a non-limiting example, in WO 97/14806 and in WO 98/31786. Prophylactic and/or 
15 therapeutical molecules include, but are not limited to polypetides such as insuline, 
growth hormone, prolactine, calcitonin, group 1 cytokines, group 2 cytokines and 
group 3 cytokines and polysaccharides such as polysaccharide antigens from 
pathogenic bacteria. A preferred embodiment is the use of a Lactococcus sp. strain 
according to the invention to deliver human interleukin-10. This strain can be used in 
20 the manufacture of a medicament to treat Crohn's disease. 

Brief description of the figures 

Figure 1: Map of the MG1363 thyA locus 
25 Figure 2: Schematic representation of thyA loci of genetically engineered thyA 
negative L. lactis strains containing different hlL-10 expression units_ Black parts 
represent original L^actis MG1363 genetic information, white parts represent 
recombinant genetic information. 

Figure 3: PGR identification of Thy11 (Thy11 1.1 and Thy11 7.1 represent individually 
30 obtained, identical clones). Standard PCR reactions were performed by using aliquots 
of saturated cultures of the indicated strains as a source of DNA template. Panel A 
shows an agarose gel of the products of the indicated PCR reactions. Panel B shows 
the positions at which primers attach in the thyA (1), upstream (2) or downstream (3) 
PCR's. Oligonucleotide primers used: (1): ATgACTTACgCAgATCAAgTTTTT and 
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TTAAATTgCTAAATCAAATTTCAATTg (2): TCTgATTgAgTACCTTgACC and 
gCAATCATAATTggTTTTATTg (3): CTTACATgACTATgAAAATCCg and 
cTTTTTTATTATTAgggAAAgCA 

Figure 4: Southern blot analysis of the indicated strains. Chromosomal DNA was 
5 extracted and digested with the indicated restriction enzymes. Following agarose gel 
electrophoresis the DNA was transferred to a membrane and the chromosome 
structure around the thyA locus was revealed by use of DIG labelled thyA or hlL-10 
DNA fragments (panel A). Panel B shows a schematic overview of the predicted 
structure of the thyA locus in both MG1363 and Thy1 1 . 
10 Figure 5: Production of hlL-10. Panel A shows a western blot revealed with anti-hlL- 
10 antiserum of culture supernatant and cell associated proteins of the indicated 
strains. Panel B shows quantification (by ELISA) of hlL-10 present in the culture 
supernatant. 

Figure 6: Growth rate of the indicated strains in GM17 containing 100ug/ml (T100) 
15 50ug/ml (T50) 25pg/ml (T25) or no (TO) extra thymidine and possibly supplemented 
with 5pg/ml of erythromycin (E). Saturated overnight cultures (prepared in T50) were 
diluted 1:100 in the indicated culture media. Panel A shows the kinetics of 
absorbance accumulation. Panel B shows the kinetics of the number of colony 
forming units (cfu) per ml of culture. 

20 

Examples 

From L lactis MG1363 (Gasson, 1983) we have cloned out the regions flanking the 
sequence according to Ross et al. (1990a) 

The knowledge of these sequences is of critical importance for the genetic 
25 engineering of any lactococcus strain in a way as described below, as the strategy will 
employ double homologous recombination in the areas 1000 bp at the 5'end (SEQ ID 
N°1) and 1000 bp at the 3*end (SEQ ID N°2) of thyA, the "thyA target". These 
sequences are not available from any public source to date. We have cloned these 
flanking DNA fragments and have identified their sequence. The sequence of the 
30 whole locus is shown in SEQ ID N°3; a mutant version of this sequence is shown in 
SEQ ID N°5. Both the 5' and 3' sequences are different from the sequence at 
genbank AE006385 describing the L lactis IL1403 sequence (Bolotin, in press) or at 
AF336368 describing the L lactis subsp. lactis CHCC373 sequence. From the 
literature it is obvious that homologous recombination by use of the published 
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sequences adjacent to thyA (Ross et a/., 1990a) (86 bp at the 5'end and 31 bp at the 
3'end) is virtually impossible due to the shortness of the sequences. Indeed, Biswas 
et ai (1993) describe a logarithmically decreasing correlation between length of the 
homologous sequences and frequency of integration. 
5 The thyA replacement is performed by making suitable replacements in a plasmid 
borne version of the thyA target, as described below. The carrier plasmid is a 
derivative of pORI19 (Law et a/ M 1995) a replication defective plasmid, which only 
transfers the erythromycin resistance to a given strain when a first homologous 
recombination, at either the 5' 1000bp or at the 3'1000bp of the thyA target. A second 
10 homologous recombination at the 3' 1000bp or at the 5' 1000bp of the thyA target 
yields the desired strain. 

The thyA gene Is replaced by a synthetic gene encoding a protein which has the L. 
lactis Usp45 secretion leader (van Asseldonk et a/., 1990) fused to a protein of 
identical amino acid sequence than: (a) the mature part of human-interleukin 10 (hIL~ 
15 10) or (b) the mature part of hlL-10 in which proline at position 2 had been replaced * 
with alanine or (c) the mature part of hlL-10 in which the first two amino acids had 
been deleted; (a), (b) and (c) are called hlL-10 analogs, the fusion products are called 
Usp45-hlL-10, 

The thyA gene is replaced by an expression unit comprising the lactococcal P1 
20 promotor (Waterfield et a/. T 1995), the E. colt bacteriophageT7 expression signals: 
putative RNA stabilising sequence and modified genelO ribosomal binding site (Wells 
and Schofield, 1996). 

At the 5 1 end the insertion is performed in such way that the ATG of thyA is fused to 
the P1-T7Usp45-hlL-10 expression unit. 

25 5' agataggaaaatttcatc[acttacgcagatcaagttttt . . . thyA wild type 

gattaagtcatcttacctctt . . . Pl-T7-usp45-hIL10 
5' agataggaaaatttcatggattaagtcatcttacctctt . , . thyAT, Pl~T7-usp45- 
hlLlO 

30 Alternatively, at the 5' end the insertion is performed in such way that the thyA ATG is 
not included: 

5' agataggaaaatttcacttacgcagatcaagttttt . . . thyA wild type 

gattaagtcatct tacctctt . ♦ • Pl-T7-usp45-hIL10 
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5' agataggaaaatttcgattaagtcatcttacctctt , , - thyA", Pl-T7-usp45- 
hILlO 

Alternatively, at the 5' end the insertion is performed in such way that the thyA 
5 promotor [Ross, 1990 a] is not included: 

5' tctgagaggttattttgggaaatactattgaaccatatcgaggtgtgtggtataatgaagg 
gaattaaaaaagataggaaaatttcatg. . . thyA wild type 

gattaagtcatcttacctctt . . - P1-T7- 

10 usp45-hIL10 

5' tctgagaggttattttgggaaatactagattaagtcatcttacctctt . . . thyA", Pl- 
T7-usp45-hIL10 

At the 3' end an ACTAGT Spel restriction site was engineered immediately adjacent 
15 to the TAA stop codon of the usp45-hlL-10 sequence. This was ligated in a TCTAGA 
Xfcal restriction site, which was engineered immediately following the thyA stop codon 

aaaatccgtaac taa ctagt3 ' . * . usp4 5-h T.L10 

gatttagcaatttaaattaaattaatctataagtt3' . . . thyA-wild type 
20 tctagaattaatctataagt tactga3' ...engineered thyA target 

aaaatccgtaactaactagaattaatctataagttactga3' ...thyA", usp4 5-hIL10 
These constructs are depicted in figure 2 

The resulting strains are thyA deficient, a mutant not yet described for L lactis. It is 
strictly dependent upon the addition of thymine or thymidine for growth. 

25 The map of the deletion, as well as the PGR analysis of two isolates of a 
representative mutant is shown in figure 3. The presence of the thymidylate synthase 
and the interleukin 10 gene in the wild type strain and in those two independent 
isolates of the mutant was analyzed by Southern analysis shown in figure 4. 
Human interleukin 10 production in the mutants was checked by western blot analysis, 

30 and compared with the parental strain, transformed with pTREXI as negative control, 
and the parental strain, transformed with the IL10 producing plasmid pT1HIL10apxa 
as positive control (figure 5A). The concentration in the culture supernatant was 
quantified using ELISA. As shown in figure 5B, both isolates of the mutant produce a 
comparable, significant amount of hlL-10, be it far less than the strain, transformed 

35 with the non intergrative plasmid pT1 HIL1 Oapxa. 
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The effect of the thymidilate synthase deletion on the growth in thymidine less and 
thymidine supplemented media was tested; the results are summarized in figure 6. 
Absence of thymidine in the medium strongly limits the growth of the mutant, and 
even results in a decrease of colony forming units after four hours of cultivation. 
5 Addition of thymidine to the medium results in an identical growth curve and amount 
of colony forming units, compared to the wild type strain, indicating that the mutant 
doesn't affect the growth or viability in thymidine supplemented medium 
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Claims 

1 . An isolated strain of Lactococcus sp. comprising a defective thymidylate synthase 
gene, 

2. A strain of Lactococcus sp. according to claim 1, whereby said gene is inactivated 
5 by gene disruption. 

3. An isolated strain of Lactococcus sp. according to claim 1 or 2, whereby said 
Lactococcus sp. is Lactococcus lactis. 

4. The use of a strain of Lactococcus $p. according to any of the claims 1-3 as host 
strain for transformation, whereby the transforming plasmid does not comprise an 

1 0 intact thymidylate synthase gene. 

5. A transformed strain of Lactococcus sp. according to any of the claims 1-3, 
comprising a transforming plasmid that does not comprise an intact thymidylate 
synthase gene. 

6. A pharmaceutical composition comprising a transformed strain of Lactococcus sp. 
15 according to claim 5 
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Abstract 

The invention relates to a recombinant Lactococcus strain, with environmentally 
limited growth and viability. More particularly, it relates to a recombinant Lactococcus 
that can only survive in a medium, where well-defined medium compounds are 
present. A preferred embodiment is a Lactococcus that may only survive in a host 
organism, where said medium compounds are present, but cannot survive outside the 
host organism in absence of said medium compounds. 



12 



LS/ThyA/102 



021 07.12.2001 16:30:4 




LS/ThyA/102 



022 07.12.2001 16:31:0 



2/5 

Figure 2 
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Figure 3 
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SEQUENCE LISTING 

<110> VLAAMS INTERUNIVERSITAlR INSTITUUT VOOR BIOTECHN0L0GIE VZW 
<120^ SELF -CONTAINING LACTOCOCCUS STRAIN 
<130> LS/ThyA/102 
<160> 18 

<170> Patentln version 3.1 

<210> 1 

<211> 1000 

<212> DNA 

<213> Lactococcus lactis 



d n -s i 
tatatacaat 


tgagcaaaag 


aaatttagtt 


attaaattac 


cagctggagt 


tcctccaatg 


60 


gttgtagatt 


cactaagtcc 


agcaattatt 


tcaatggtga 


ttttctgttt 


gatgttcggg 


12 0 


attcgtgtgg 


gattctctca 


tacgccattc 


catgatattt 


tcaatttctc 


aacacaacta 


180 


attcaagcac 


cgt-tgactgg 


tgctgtggca 


aatccatggg 


fctcttatggg 


catctfcfcacc 


240 


tttggtaatt 


tcttatggtt 


ctttggtatc 


caccctaatt 


taattggggg 


aattttaaat 


300 


ccatfcgttat 


taacaatgtc 


atatgctaat 


attgatgcct 


atgctgccgg 


aaaacctgta 


360 


ccatacttac 


aaatgatgat 


tgtgtttgct 


gtS99tgcga 


acgcatgggg 


cggaagcgga 


420 


aatacttatg 


ggttagttat 


ttcaatgttt 


acggcaaaat 


ctgaacgcta 


taaacaatta 


480 


ttaaaattag 


gtgcaattcc 


tagtattttc 


aatatcagtg 


aaccattact 


ttttggtctt 


540 


ccaatgatgc 


taaatcctct 


ttcctttatt 


cctttggttt 


tccaaccagc 


aattttagga 


600 


actgtagcat 


tgggcttggc 


aaagatatta 


tatattacaa 


atctgaatcc 


aatgacggca 


660 


cttcttcctt 


ggacgacacc 


agcacctgtg 


agaatggcca 


tttcaggcgg 


acttccattt 


720 


ttgattattt 


ttgcaatctg 


tttagtcttg 


aatgttctta 


tttactaccc 


attcttcaag 


780 


gtggcgtata 


ataaagcttt 


agaagaagaa 


aaagcagctg 


ttgaattaga 


gggttcagaa 


840 


actgcctgat 


ggatattttt 


tataaatctg 


gtfctgaacaa 


attafcattga 


catctctttt 


900 


tctatcctga 


taattctgag 


aggttatttt 


gggaaatact 


attgaaccat 


atcgaggtgt 


960 


gtggtataat 


gaagggaafct 


aaaaaagata 


ggaaaatttc 






1000 



— <210> 2 ~ 

<211> 1000 

<212> DNA 

<213> Lactococcus lactis 

<400> 2 



taaattaatc 


tataagttac 


tgacaaaact 


gtcagtaact 


ttctttgtgg 


gaaaaatgta 


60 


tttttatgac 


cgtaaagaat 


ctgtcagtag 


aagtctgaaa 


ttcgtttaaa 


aatcgactag 


120 


aataggcttt 


aacgacaaga 


tgttttaaag 


agtacgctct 


aaatgtattt 


ttgtattttt 


180 


gtttgattac 


gaagtttaaa 


tttaattgac 


aaatgtttta 


aaatgagtat 


aataggactt 


240 


gtaaccgatt 


ttatttttat 


aaaggagaaa 


gaaagatgaa 
Page i 


caaactttta 


cttggaacag 


300 
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cctttatagg ggctagctta ctgattggtg ggggtgctca tgcagatcaa atgtttatcg 3S0 

tttgtataat cataatactg gtgagcactc tatacaacfca gtgggacacc aaaagaatgc 420 

taatgtaagt gcgggttgga cttatgaagg tgtcggttgg atcgcaccaa caacaagttc 480 

aagcccagtt taccgtgtgt acaatccaaa tgcattatta cacaaaaagc aagtatgaag 540 

cccaaagttt agtaaataag ggttggaaat gggataacaa cggaaaggcg gtcttctatt 600 

ctggaggttc tcaagccgta tatgtcgctt ataatcccaa cgcacaatct ggcgctcaca 660 

atcacacgga aagtagcttt gagcaaaata gcttattgaa tactggttgg aaatatgggg 720 

cagtagcttg gtacgggatt ggagtaaaaa acgaaatgtt aaacattgct caaattgtta 7B0 

gtggtaattt ttctagtatfc gttggaactt ggaaagatac ttctggaaat atgcttgaaa 840 

ttaatgcaat gggaaatctt actttaatat ggaaaggggc aaagaatcaa acctttgaac 900 

ttggcgcagg tcaacaattt aatggaactg cagatattgc cttaaaaaat ggagagattt 960 

cccctggtag tccacttaac atttttgttg taccaacaga 1000 

<210> 3 

<211> 7157 

<212> DNA 

<213> Lactococcus lactis 
<22Q> 

<221> CDS 

<222> (4473) . . (5312) 
<223> 



<220> 

<221> misc feature 

<222> (2) .7(2) 

< 2 2 3 > 'n' may be any base 



<220> 

< 2 2 1 > mis cofeature 

<222> (5) . . (5) 

<223> l n' may be any base 



<220> 

<221> misc_feature 

<222> {6612) . . (6612) 

<223> 'n' may be any base 



<220> 

<221> misc_f eature 

<222> (7099) . . (7099) 

<223> ' n 1 may be any base 



<220> 

<221> misc^feature 

<222> (7110) . . (7110) 

<223> ' n' may be any base 



<220> 
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<22l> misc_£eature 

<222> (7117) . . (7141) 

<22 3> f n« may be any base 

<220> 

<221> misc_f eature 

<222> (7143) . - (7147) 

<223> ' n' may be any base 

<220> 

<221> misc^f eature 

<222> (7149) . . (7156) 

<22 3> 1 n 1 may be any base 



<4QQ> 3 



gnagnggttt 


tcccagtccg 


acgttgtaaa 


acgacggcca 


gcgaactcat 


taacagcctt 


60 


ttgagcagct 


agctcattat: 


tttgaaataa 


atcataaafct 


tctttcccac 


tatctgattt 


120 


atgattgcta 


gcatatttgt 


tgtataatcg 


aacgagtcca 


ttttgaacag 


atccatatag 


180 


attgagtgaa 


ctataaaata 


catctatatc 


atagttgagt 


ttgttcacaa 


tcatgagacc 


240 


aaattctcca 


gcatttcgtg 


tagaaccacg 


ataaagctgt 


ttatttagca 


aaatggcacc 


300 


tccgacacct 


gtacctaaag 


tcatgcaaat 


aaaattttgg 


ctttcttgtc 


catfcccctag 


360 


ccaaagttca 


gctagacctg 


cacaattggc 


atcattttca 


acataaaccg 


gaagat;ttaa 


420 


atgtfctttgt 


agctctgtcc 


ccaatggata 


gccataaaga 


tcagttagag 


ctcctgccag 


480 


taataatgtt 


ccctttttgc 


cagaagttcc 


gggaacactt 


acaccaattg 


cagatactga 


540 


atgatgagct 


tttaactgat 


gaatafcttgt 


gagcaagcta 


tccataattc 


tctctttttt 


600 


taatggggtt 


ggaacctgta 


aatgttgtat 


gatcgttcca 


tcactagtta 


caagaccaaa 


650 


ttttataaat 


gtaccaccga 


tatcaattcc 


tafcfcgaataa 


tgca tctttt 


attacctcfct 


720 


tctctaattt 


gttttagtat 


agcaaaatca 


aaaaattaat 


tatggtatgc 


attatagata 


780 


tgttgtataa 


ttttcacaaa 


aacggagaaa 


actatgaaaa 


caatagaaca 


gctcatgata 


840 


gattcagcag 


atCtaatgtc 


agattttatt 


caattgacaa 


tttttatatt 


ccgcaaggag 


900 


gattttcaac 


ttttttatag 


gagtgatgaa 


gaagagcaag 


Ctttttcaag 


gtaatgactc 


950 


caacttattg 


atagtgtttt 


atgttcagat 


aatgcccgat 


gacttcgtca 


tgcagctcca 


1020 


ccgattttga 


gaacgacagc 


gacttccgtc 


ccagccgtgc 


caggtgctgc 


ctcagatxca 


1080 


ggttatgccg 


ctcaattcgc 


tgcgtatatc 


gcttgctgat 


tacgtgcagc 


tttcccttca 


1140 


ggcgggattc 


atacagcggc 


cagccatccg 


tcatccatat 


caceacgtca 


aagggtgaca 


1200 


gcaggctcat 


aagacgcccc 


agcgtcgcca 


tagtgcgttc 


accgaatacg 


tgcgcaacaa 


1260 


ccgtcttcog 


gagactgtca 


tacgcgtaaa 


acagccagcg 


ctggcgcgat 


ttagccccga 


1320 


catagcccca 


Ctgttcgtcc 


abttccgcgc 


agacgatgac 


gtcactgccc 


ggctgtacgc 


1380 


gcgaggttac 


cgactgcggc 


ctgagctttt 


taagtgacgt 


aaaatcgtgt 


tgaggccaac 


1440 


gcccataatg 


cgggcxgttg 


cccggcatcc 


aacgccattc 


atggccatat 


caatgatttt 


1S00 
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aagcggtgta agtgaactgc agttgccatg 


ttttaeggea 


1560 


gtgagagcag 


agatageget 


gatgtcegge 


ggtgcttCCg 


ccgttacgca 


ccaccocgtc 




agtagctgaa 


caggagggac 


agctgataga 


aacagaagee 


actggagcac 


ctcaaaaaca 


1680 


ccatcataca 


ctaaatcagt 


aagttggcag 


catcaccctc 


tttcaaaaga 


aatcatcget 


1740 


cat ctat-ctc 


agttgccctt 


gaaggaagag 


gtgaatttat 


tttatatgee 


taagacaaaa 


1800 


ggatatatta 


cttatttttc 


tgtatttggt 


aaagaggagt 


atcttctact 


tattctcaaa 


1Q60 


ggacaagaaa 


aacttgeaaa 


taatcctttc 


cccgttgaag 


taaaacaatt 


actaaaaagt 


1920 


ggtattttac 


tctatcaaat 


gatttttcaa 


gaaaaattag 


attatgaaga 


attatttgag 


1980 


aaaaatcagc 


atattatttc 


tecattgett 


getgetaaac 


caattgaatg 


gaatgattGC 


2040 


aafcaoci tcfacf 


gaaagtaaat 


tcccataaaa 


catatctttt 


tgaaaaatac 


1 1 acracrcra a t 


2100 


atottattca 


tggagatgtt 


gcagagttaa 


aaaaagcttt 


ttcaaattat 


ataaafcaaaa 


2160 


aaactcrcfccici 


aaaattatct 


aataafctcaa 


tgcgacataa 


gaaaaacatt 


ttgatttcag 


2220 


tcatcactat 


gaetaefcegt; 


teggctatae 


agggaggatt 


acctgaagaa 


gaagcfcfcfcfct 


2280 


tqatqagtqa 


tttatatatt 


caagagcttg 


aagaattaac 


ggaattagaa 


gaaattagaa 


2340 


cgcfctgccta 


taatgtgatg 


atcgattttg 


cagataaagt: 


gaaacagcat 


cgafcattgtc 


24 00 


acrcftittctta 


taaaatatta 


tettgecaaa 


agtatattgt 


taatcattta 


tacgaaaaac 


2460 






gaagagctac 


acatgaatat 


ttcttattta 


tcttcacaat 


2520 






acaactacaa 


actttattca 


ggagaagega 


a £ a era acraacr 


2580 




aatccttttc 


tcagactatc 


Ctttttcaag 


aatttatacc 


tbgtttggttt 


2G40 


■fcactaccaaa 


gtcattttat 


aaaaatattt 


aaaaaatata 


ctggaataac 


ccccaaaaag 


2700 


fc.fcfc.eaacrafcc 

w ^ U-i \_r- LA V< W H*- 


aatatattta 


tcatgcctct 


acatcaatat 


atgattgaaa 


ttaaaaaaag 


2760 


a c c t agaa 1 1 


fccaaaattga 


taaaatacat 


acctaaaata 


ttaattctgt 


actattaegg 


2820 






tgagggtata 


aattatggaa 


gaagggagta 


aaactaaatt 


2880 




I'ttacctaatt 


aattaggata 


tCCCtcr.r.aa 


aaaccaaaga 


aaaegct-'tae 


2940 


aaacgt taaa 


(ijciaejfccfaafcc 


taaagatgga 


caaatttgaa 


aaatggctaa 


ataagacctt 


3000 


gatgccacfcfc 


geefceaaaaa 


tgaataaaaa 


tcatttcatt 


teggcattaa 


gtgaagcatt 


3060 


Cafccjaaatcrt 


atgccctfcaa 


cattagggat 


tgcattattg 


acaattatag 


gatactttcc 


3120 


agttcctgcc 


tQCicrtaQat't 


ccttaaactc 


tattggactg 


gctcagcatt 


tttcaqcagt 


3180 


tattQQCcfca 


QCCaccacrtcr 


cgctagcaat 


ttatgtaact 


tataattttg 


cttattctta 


3240 


t* cf taaa t cert 


U< Cl U MUM Vj W d 


atggccatac 


ggccggttta 


ttatcaatcg 


caagtttgtt 


3300 


aatgcfcaatg 


ccacaaatta 


ttactgliccc 


tgtagtaaaa 


aacattccaa 


ccgaat t fc cc 


3360 


gaaatccgcg 


gtagttgaca 


gtgtgtcaaa 


tgttgaagca 


tttcaaaegg 


tatacaeggg 


3420 


tagcacagga 


ttaattgtag 


caatcataat 


tggttttatt 


gtttcattag 


tctatataca 


3480 


attgagcaaa 


agaaatttag 


ttattaaatt 


accagctgga 


gttcctccaa 


tggttgtaga 


3540 
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ttcactaagt 


ccagcaatta 


tttcaatggt 


gattttctgt 


ttgatgttcg 


ggattcgtgt 


3600 


gggattctct 


tatacgccat 


tccatgatat 


tttcaatttc 


tcaacacaac 


taattcaagc 


3660 


accgttgact 


ggtgetgtgg 


caaatccatg 


ggttettatg 


ggcatcttta 


cctttggtaa 


3720 


tttcttatgg 


ttctttggta 


tccaccctaa 


tttaattggg 


ggaattttaa 


atccattgtt 


3780 


attaacaatg 


tcatatgcta 


atattgatgc 


ctatgctgcc 


ggaaaacctg 


taccatactt 


3840 


acaaatgatg 


attgtgtttg 


ctgtgggtgc 


gaacgcatgg 


ggcggaagtg 


gaaatactta 


3900 


tgggttagtt 


atttcaatgt 


ttacggcaaa 


atctgaacge 


tataaacaat 


tattaaaatt 


3960 


aggtgcaatt 


cctagtattt 


tcaatatcag 


tgaaccatta 


ctttttggtc 


ttccaatgat 


4020 


gttaaatcct 


cttttcttta 


ttcctttggt 


tttccaacca 


gcaattttag 


gaactgtagc 


4080 


attgggcttg 


gcaaagatat 


tatatattac 


aaatctgaat 


ccaatgacgg 


cacttcttcc 


4140 


ttggacgaca 


ccagcacctg 


tgagaatggc 


catttcaggt 


ggacttccat 


ttttgattat 


4200 


ttttgcaatc 


tgtttagtct 


tgaatgttct 


tatttactac 


ccattcttta 


aggtggcgta 


4260 


taataaagct 


ttagaagaag 


aaaaagcagc 


tgttgaatta 


gagggttcag 


aaactgcctg 


4320 


atggatattt 


tttataaatc 


tggtttgaac 


aaattatatt 


gacatctctt 


tttctatcct 


4380 


gataattctg 


agaggttatt 


ttgggaaata 


ctattgaacc 


atatcgaggt 


gtgtggtata 


4440 


atgaagggaa 


ttaaaaaaga 


taggaaaatt 


tc atg act 
Met Thr 
1 


tac gca gat caa gtt 
Tyr Ala Asp Gin val 
5 


4493 



ttt aaa caa aat ate caa aat ate eta gat aat ggt gtt ttt tea gaa 4541 

Phe Lys Gin Asn lie Gin Asn lie Leu Asp Asn Gly Val Phe Ser Glu 
10 15 ~ ' 20 

aat gca aga cca aag tat aag gat ggt caa atg gcg aat age aaa tat 4589 

Asn Ala Arg Pro Lys Tyr Lys Asp Gly Gin. Met Ala Asn Ser Lys Tyr 
25 30 35 

gtc act ggt tea ttc gtt act tat gat ttg caa aag ggg gag ttt cca 4 63 7 

Val Thr Gly Ser Phe Val Thr Tyr Asp Leu Gin Lys Gly Glu Phe Pro 
40 45 50 55 

att acc act ttg cgt cca att cca ate aaa tct get att aaa gaa ttg 468 5 

lie Thr Thr Leu Arg Pro lie Pro lie Lys ser Ala lie Lys Glu Leu 
60 65 70 

atg tgg ata tac caa gac caa aca agt gaa ctt tct gtt etc gaa gag 4733 

Met Trp lie Tyr Gin Asp Gin Thr Ser Glu Leu Ser Val Leu Glu Glu 

_ 75 80 8 5 

aag tat gga gtc aaa tac tgg gga gaa tgg gga att ggt gat ggt acg 4781 

Lys Tyr Gly Val Lys Tyr Trp Gly Glu Trp Gly lie Gly Asp Gly Thr 
90 "* 95 100 

att ggg caa cgt tat ggt gca aca gtc aaa aaa tat aat ate att ggt 4829 

lie Gly Gin Arg Tyr Gly Ala Thr Val Lys Lys Tyr Asn He He Gly 
105 ~* 110 115 

aaa tta tta gaa ggc ttg gec aaa aat cca tgg aat cgt cgt aat ate 4 877 

Lys Leu Leu Glu Gly Leu Ala Lys Asn Pro Trp Asn Arg Arg Asn He 
120 125 130 135 

ate aac ctt tgg cag tat gaa gat ttt gag gaa aca gaa ggt ctt tta 4925 
lie Asn Leu Trp Gin Tyr Glu Asp Phe Glu Glu Thr Glu Gly Leu Leu 
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140 145 150 

cca tgt get ttc caa acg atg ttt gat gtc cgt eg* gaa aaa gat ggt 4973 
Pro Cys Ala Phe Gin Thr Met Phe Asp Val Arg Arg Glu Lys Asp Gly 
155 160 165 

cag att tat ttg gat gec aca ctg att caa cgt tea aac gat atg ctt 5021 
Gin lie Tyr Leu Asp Ala Thr Leu lie Gin Arg Ser Asn Asp Met Leu 
170 175 180 

?ff f^ C 5*° S at aat g ? 9 atg caa fcat g " gat tc 9 caa atg atg 5069 
Val Ala his Hi,6 He Asn Ala Met Gin Tyr Val Ala Leu Gin Met Met 
185 190 195 

att gca aaa cat ttt tct tgg aaa gtt ggg aaa ttc ttt tat ttt gta 5117 
lie Ala Lys His Phe Ser Trp Lys Val Gly Lys Phe Phe Tyr Phe Val 
200 205 ~ 210 215 

aat aat tta cat att tat gat aat cag ttt gag cag gca aafc gaa tta 5165 
Asn Asn Leu His lie Tyr Asp Asn Gin Phe Glu Gin Ala Asn Glu Leu 
220 225 230 

atg aag cga aca get tct gaa aaa gaa cct cgt ttg gtc ctt aat qtt 5213 
Met Lys Arg Thr Ala Ser Glu Lys Glu Pro Arg Leu val Leu Asn Val 
235 240 245 

cct gat ggt aca aac ttt ttc gat att aaa cct. gaa gat ttt gaa ctt 5261 
Pro Asp Gly Thr Asn Phe Phe Asp lie Lys Pro Glu Asp Phe Glu Leu 
250 255 260 

gtg gac tat gag cca gta aaa cct caa ttg aaa ttt gat tta gca att 5309 
Val Asp Tyr Glu Pro Val Lys Pro Gin Leu Lys Phe Asp Leu Ala He 
265 270 275 

taa attaatctat aagttactga caaaactgtc agtaactttt tttgtgggaa 5362 

aaatgtattt ttatgaccgt aaagaatctg tcagtagaag tctgaaattc gtttaaaaat 5422 

cgactagaat aggctttaac gacaagatgt tttaaagagt aegctctaaa tgtatttttg 5482 

tatttttgtt tgattacgaa gtttaaattt aattgacaaa tgttttaaaa tgagtataat 5542 

aggacttgta accgatttta tttttataaa ggagaaagaa agatgaacaa acttttactt 5602 

ggaacagect ttataggggc tagcttactg attggtgggg gtgctcatgc agatcaaatg 5662 

tttatcgttt gtataatcat aatactggtg agcactqtat acaactagtg ggacaccaaa 5722 

agaatgetaa tgtaagtgcg ggttggactt atgaaggtgt cggttggatc gcaccaacaa 5782 

caagttcaag cccagtttac cgtgtgtaca atecaaatge attattacac aaaaagcaag 5842 

tatgaagece aaagtttagt aaataagggt tggaaatggg ataataaegg aaaggcggtc 5302 

ttctattctg gaggttctca ageegtatat gtegcttata atcccaatgc acaatctggc 5962 

gctcacaatt acaeggaaag tagctttgag caaaatagct tattgaatac tggttggaaa 6022 

tatggggcag tagcttggta cgggattgga gtaaaaaacg aaatgttaaa cattgctca.a 60 82 

atrtgttagtg gtaatttttc tagtattgtt ggaacttgga aagatacttc tggaaatatg 6142 

cttgaaatta atgcaatggg aaatcttact ttaatatgga aaggggcaaa gaatcaaacc 62 02 

tttgaacttg gegcaggtea acaatttaat ggaactgcag atattgeett aaaaaatgga 6262 

gagatttccc ctggtagtcc acttaacatt tttgttgtac caacagaagt tgctttccct 6322 
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ThyA 102. ST25.txt 



aataataaaa 


aagtagacga 


ttcaactggg 


caacaacgaa 


tttfctgtgaa 


ttattctggt 


6382 


acaagccctc 


aaatggcgaa 


tagtatggca 


gcggtggctt 


tttttagagt 


tattccatga 


6442 


ttatattaaa 


gttagaattg 


aataaaatgt 


attattaaaa 


agataatatt 


atatcacgac 


6S02 


aaggcgacat 


ctatcaactt 


taccactggt 


atggaagtga 


ccattattac 


atcaggaaac 


6S62 


gctaaaacgg 


ttgtttttac 


acccgtaaaa 


taaataataa 


aataatgtgn 


aattactgac 


6622 


agcattttgt 


cagtaatttt 


ttttatcaaa 


atcacacaaa 


aatgttcgtt 


gacgaacaaa 


6682 


aaaaactatg 


ttataataat 


tcgtatgcga 


actaaaaaag 


aagcgattgg 


ccgactfctta 


6742 


aaagtagcca 


gcaaccaaat 


gtctcgagaa 


tttgataatt 


ttgcagctca 


acttgatttg 


6802 


acaggtcagc 


aaatgtcaat 


ctcagacttt 


cttggaaatc 


aaagcgaaga 


aggttcagga 


6862 


aaagaaatta 


gtcagacgat 


gactgaatta 


gaatttaata 


tccgacgttc 


aacaacgacg 


6922 


gaaattttac 


agcgcatgga 


aaagcggctt 


tcaattaatc 


gaagaacaag 


cctgaccgat 


6982 


gcccgccaaa 


aatcagttga 


attaactgaa 


gaagggaaaa 


gat&tfctacc 


tgaaatcagg 


7042 


gcttatatcc 


aagcacataa 


taaaaaagct 


tggcgtaatc 


atggtcatag 


ctgtttncct 


7102 


ggttaggngg 


gccannnnnn 


nnnnnnnnnn 


nnncnnnnnc 


nnnnncnnnn 


cnxxnc 


7157 



<210> 
<211> 
<212> 
<213> 


4 

279 
PRT 

Lactococcus lactis 






<220> 
<221> 
<222> 
<223> 


misc feature 
(2) . . (2) 
• n' may be any 


base 






<220> 
<221> 
<222> 
<Z23> 


misc feature 
(5) . . (5) 
•n 1 may be any 


base 






<220> 
<221> 
<222> 
<223> 


misc feature 
(6612) . . ($612) 
1 n 1 may be any 


base 






<220> 
<221> 
<222> 
<223> 


misc feature 

(7099) . . (7099) 

'n' may be any base 






<220> 
<221> 
<222> 
<223> 


misc feature 
(7110) . > (7110) 
'n' may be any 


base 






<220> 
<221> 
<222> 
<223> 


misc feature 
(7117) . . (7141) 
'n 1 may be any 


base 






<220> 
<221> 
<222> 
<223> 


misc feature 
(7143) . . (7147) 
, n' may be any 


base 
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ThyA 102. ST25.txt 



<;220> 

<221> migc feature 
<222> (7149) . . (7156) 

<223> 'n* may be any base 

<400> 4 

Met Thr Tyr Ala Asp Gin Val Phe Lys Gin Asn lie Gin Asn lie Leu 
15 10 IS 

Asp Asn Gly Val Phe Ser Glu Asn Ala Arg Pro Lys Tyr Lys Asp Glv 
20 25 ^ 30 

Gin Met Ala Asn Ser Lys Tyr Val Thr Gly Ser Phe Val Thr Tyr Asp 
35 40 45 

Leu Gin Lys Giy Glu Phe Pro He Thr Thr Leu Arg pro He Pro He 
50 55 60 

Lye Ser Ala He Lys Glu Leu Met Trp He Tyr Gin Asp Gin Thr Ser 
65 70 75 80 

Glu Leu Ser Val Leu Glu Glu Lys Tyr Gly Val Lys Tyr Trp Gly Glu 
S5 90 " 95 

Trp Gly He Gly Asp Gly Thr He Gly Gin Arg Tyr Gly Ala Thr Val 
100 105 110 

Lys Lys Tyr Asn He He Gly Lys Leu Leu Glu Gly Leu Ala Lys Asn 
115 120 125 

Pro Trp Asn Arg Arg Asn He He Asn Leu Trp Gin Tyr Glu Asp Phe 
130 135 140 

Glu Glu Thr Glu Gly Leu Leu Pro Cys Ala Phe Gin I'hr Met Phe Asp 
145 150 155 160 

Val Arg Arg Glu Lys Asp Gly Gin lie Tyr Leu Asp Ala Thr Leu He 
165 170 * 175 

Gin Arg Ser Asn Asp Met Leu Val Ala His His Xle Asn Ala Met Gin 
180 185 190 

Tyr Val Ala Leu Gin Met Met He Ala Lys Hie Phe Ser Trp Lys Val 
19S 200 . 205 

Gly Lys Phe Phe Tyr Phe Val Asn Asn Leu His He Tyr Asp Asn Gin 
210 215 220 

Phe Glu Gin Ala Asn Glu Leu Met Lys Arg Thr Ala Ser Glu Lys Glu 
225 220 235 240 
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ThyA 102. ST25.txt 
Pro Arg Leu Val Leu Asn Val Pro Asp Gly Thr Asn Phe Phe Asp Lie 
245 ~ 250 255 

Lys Pro Glu Asp Phe Glu Leu Val Asp Tyr Glu Pro Val Lys Pro Gin 
260 265 270 



Leu Lys Phe Asp Leu Ala lie 
275 

<cllQ> 5 
<211> 7094 
<212> DNA 

<213> Lactococcus lactis 
<220> 

<221> CDS 

<222> (4469) . . (5305) 
<223> 

<400> 5 

ggttttccca gtccgacgtt gtaaaacgac ggccagtgaa ttcattaaca gccttttgag 60 

cagctagctC attattttga aataaatcat aaatttcttt cccactatct gatttatgat 12 0 

tgctagcata tttgttgtat aatcgaacga gtcca txttg aacagatcca tatagattga 180 

gtgaactata aaatacatct atatcatagt tgagtttgtt cacaatcatg agaccaaatt 240 

ctccagcatt tcgtgtagaa ccacgataaa gctgtttatt tagcaaaatg gcacctccga 300 

cacctgtacc taaagtcatg caaataaaat tttggctttc ttgtccafctc cctagccaaa 360 

gttcagctag acctgcacaa ttggcatcat tttcaacata aaccggaaga fcttaaatgtt 420 

tttgtagttc tgtccccaat ggatagccat aaagaccagt tagagctcct gccagtaata 48 0 

atgttccctt tttgtcagaa gttccgggaa cacttacacc aattgcagat. actgaatgat 540 

gagctfcttaa ctgatgaata tttgtgagca agctatccat aattttttct ttttttaatg 600 

gggttggaac Ctgtaaatgt tgtatgatcg ttccatcact agttacaaga ccaaatttta 660 

taaatgtacc accgatatca attcctattg aataatgcat cttttattac ctctttctct 720 

aatttgtttt agtatagcaa aatcaaaaaa ttaatfcatgg tatgcattac agatatgttg 780 

tataattttc acaaaaacgg agaaaactat gaaaacaata gaacagctca tgatagattc 840 

..agcagattta atgtcagatt. J:tattcaat^ 900 

tcaacttttt tataggagtg atgaagaaga gcaagctttt ccaaggtaat gactccaact 960 

tattgatagt gttttatgtt cagataatgc ccgatgactt tgtcatgcag ctccaccgat 102 0 

tttgagaacg acagcgactt ccgtcccagc cgtgccaggt gctgcctcag attcaggtta 1080 

tgccgctcaa cccgccgcgc atatcgcttg ctgattacgt gcagctttcc cttcaggcgg 1140 

gattcataca gcggccagcc atccgtcatc catatcacca cgtcaaaggg tgacagcagg 12 00 

ctcataagac gccccagcgt cgccatagtg cgttcaccga atacgfcgcgc aacaaccgtc 1260 

ttccggagac tgtcatacgc gtaaaacagc cagcgctggc gcgatttagc cccgacatag 1320 
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ccccactgtt 


cgtccatttc 


ThyA 102 .ST25.txt 
cgcgcagacg atgacgtcac cgcccggctg 


tatgcgcgag 


1380 


gttaccgact 


gcggcctgag 


ttttttaagfc 


gacgtaaaat 


cgtgttgagg 


ccaacgccca 


1440 


taatgcgggc 


tgttgcccgg 


catccaacgc 


cattcatggc 


catatcaatg 


attttctggt 


1500 


gcgtaccggg 


ctgagaagcg 


gtgtaagtga 


actgcagttg 


ccatgtttta 


cggcagtgag 


1560 


agcagagata 


gcgctgatgt 


ccggcggtgc 


ttttgccgtt 


acgcaccacc 


ccgtcagtag 


1620 


ctgaacagga 


gggacagctg 


atagaaacag 


aagccactgg agcacctcaa 


aaacaccatc 


1680 


atacacfcaaa 


tcagtaagtt 


ggcagcatca 


ccctttttca 


aaagaaatca 


tcgcccattc 


174.0 


atctcagttg 


cccttgaagg 


aagaggtgaa 


tttattttat 


atgcctaaga 


taaaaggata 


1800 


tatxacctat 


ttttctgtat 


ttggtaaaga 


ggagtatctt 


ctacttattt 


ttaaaggaca 


1860 


agaaaaactt 


gcaaataatc 


ctttccccgt 


tgaagtaaaa 


caattattaa 


aaagtggtat 


1920 


tttactctat 


caaatgattt 


ttcaagaaaa 


attagattat 


gaagaattat 


ttgagaaaaa 


1980 


tcagcatatt 


atttctccat 


tgcttgctgc 


taaaccaact 


gaatggaatg 


atcccaatac 


2040 


gtgaggaaag 


taaattccca 


taaaacatat 


ctttttgaaa 


aatatttggg 


ggaatgtgtt 


2100 


attcgtggag 


atgfctgcaga 


gttaaaaaaa 


gctttttcaa 


attatatgaa 


taaaggaact 


2160 


gctggaaaat 


tatctaataa 


ttcaatgcga 


cataagaaaa 


acattttgat 


ttcagtcatc 


2220 


actatgacta 


ctcgttcggc 


tatacaggga 


ggattacctg aagaagaagc 


ttttttgatg 


2280 


agtgatttat 


atattcaaga 


gcttgaagaa 


ttaacggaat 


tagaagaaat 


tagaaegctt 


2340 


gcctataatg 


tgatgatcga 


ttttgcagat 


aaagtgaaac 


agcatcgata 


ttgtcaggtt 


2400 


tcttataaaa 


tattatcttg 


tcaaaagtat 


attgttaatc 


atttatacga 


aaaactaagt 


2460 


gtgagtgaaa 


ttgcagaaga 


gctacacatg 


aatatttctt 


atttatcttc 


acaattcaaa 


2520 


aaagagacag 


ggcaaacaafc 


tacaaacttt 


attcaggaga 


agcgaatraga 


agaagctaga 


2580 


gaattaatcc 


ttttctcaga 


ctatcctttt 


tcaagaattt 


ataccttgtt 


ggttttactg 


2640 


ccaaagtcat 


tttataaaaa 


tatttaaaaa 


atatactgga 


ataactccca 


aaaagtttca 


2700 


agatcagtat 


atfctatcatg 


cctctacatc 


aatatatgat 


tgaaattaaa 


aaaagaccta 


2760 


gaactxcaaa 


attgataaaa 


tacataccta 


aaatattaat 


tctgtactat 


tacgggtgga 


2820 


gtatctactg 


tataatgagg 


gtataaatta 


tggaagaagg 


gagtaaaact 


aaatttattg 


2880 


atggttttac 


gaattaatta 


ggatattttt 


tttaaaaacc 


aaagaaaacg 


cttacaaacg 


2940 


ttaaaggagt 


gaatctaaag 


atggacaaat 


ttgaaaaatg 


gctaaataag 


accttgatgc 


3000 


cacttgccbc 


aaaaatgaat 


aaaaatcatt 


tcatttcggc 


attaagtgaa 


gcatttatga 


3060 


gatgtatgcc 


Cttaacatta 


gggattgcat 


tattgacaat 


tataggatac 


tttccagttc 


3120 


c t a c c* f cs n ct f~ 


CLU ell— L. 1*. t« l_ L- Gf. 


aactctattg 


gactggctca 


gcatttttca 


acaot tatter 


3180 


gtgcagttac 


cagtgcgcta 


gcaatttatg 


fcaacttataa 


ttttgcttat 


tcfctatgtaa 


3240 


atcgtcatga 


atataatggc 


catacggccg 


gtttattatc 


aatcgcaagt 


ttgttaatgc 


3300 


taatgccaca 


aattattact 


gtccctgtag 


taaaaaacat 


tccaaccgaa 


Lttccgaaat 


3360 
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ccgcggtagt 


tgacagtgtg 


ThyA 102. ST2 5.tXt 
tcaaatgttej aagcatttca aacggtatac 


acgggtagca 


3420 


caggattaat 


tgtagcaatc 


ai.aaLl.yyLL 


LLaLLyLLLC 


autagccuat 


atacaattga 


3480 


gcaaaagaaa 


tttagttatt 


n -i 4— 4— wtl s~* f~\ r-\ y->f 

adaLLaccay 


c uggaguucc 


cccaatggcc 


gtagattcac 


3540 


taagtccagc 


aattatttca 


afcggtgatfct 


tctgtt tgat 


gttcgggatt 


cgtgtgggat 


3600 


tctcttatac 


gccattccat 


gatattttca 


-1.1.1. _ 4_ _ _ _ 

atttctcaac 


acaactaatt 


caagcaccgt 


3660 


tgactggtgc 


tgtggcaaat 


ccatgggttc 


ttatgggcat 


ctttaccttt 


ggtaatttct 


3720 


tatggttctt 


tggtatccac 


cctaatttaa 


ttgggggaafc 


tttaaatcca 


ttgttattaa 


3780 


caatgtcata 


tgctaatatt 


gacgcctatg 


ctgccgg&aa 


acctgtacca 


tacttacaaa 


3840 


tgatgattgt 


gtttgctgtg 


ggtgcgaacg 


catggggcgg 


aagtggaaat 


acttatgggt 


3900 


tagttatttc 


aatgtttacg 


gcaaaatctg 


aacgctataa 


acaattatta 


aaattaggtg 


3960 


caattcctag 


tattttcaat 


atcagtgaac 


cattactttt 


tggtcttcca 


atgatgttaa 


4020 


atcctctttt 


ctttattcct 


ttggttttcc 


aaccagcaat 


tttaggaact 


gtagcattgg 


4080 


gcttggcaaa 


gatattatat 


attacaaatc 


tgaatccaat 


gacggcactt 


cttccttgga 


4140 


cgacaccagc 


acctgtgaga 


atggccattt 


caggtggact 


tccatttttg 


attatttttg 


4200 


caatctgttt 


agtcttgaat 


gttcttattt 


actacccatt 


cttfcaaggtg 


gcgtataata 


4260 


aagctttaga 


agaagaaaaa 


gcagctgttg 


aattagaggg 


fctcagaaaet 


gcctgatgga 


4320 


fcattttt tat 


aaatctggtt 


tgaacaaatt 


atattgacat 


ctctttttct 


atcctgataa 


/» *i o f\ 

438 0 


ttctgagagg 


ttattttggg 


aaatactatt 


gaaccatatc 


gaggtggtgt 


ggtataatga 


4440 


agggaattaa 


aaaagatagg 


aaaatttc atg act tac gca gat caa 
Met Thr Tyr Ala Asp Gin 
1 " 5 


gtt ttt 
val Phe 


4492 



aaa caa aat ate caa aat ate eta gat aat ggt gtt ttt tea gaa aat 454 0 

Lys Gin Asn lie Gin Asn He Leu Asp Asn Gly val Phe ser Glu Asn 
10 15 20 

gca aga cca aag tat aag gat ggt caa atg gcg aat age aaa tat gtc 4588 
Ala Arg Pro Lys Tyr Lys Asp Gly Gin Met Ala Asn Ser Lys Tyr Val 
25 " " 30 * 35 40 

act ggt tea ttc gtt act tat gat ttg caa aag ggg gag ttt cca att 463 6 

Thr Gly Ser Phe Val Thr Tyr Asp Leu Gin Lys Gly Glu Phe Pro lie 
45 5 0 55 

acc act ttg cgt cca att cca ate aaa tct get: at t aaa gaa tug atg 4684 
Thr Thr Leu Arg Pro "lie Pro He Lys Ser Ala lie Lys Glu " Leu Met 
60 65 70 

tgg ata tac caa gac caa aca agt gaa ctt tct gtt etc gaa gag aag 473 2 

Trp He Tyr Gin Asp Gin Thr Ser Glu Leu Ser Val Leu Glu Glu Lys 
75 80 85 

tat gga gtc aaa tac tgg gga gaa tgg gga att ggt gat ggt acg att 478 0 

Tyr Gly Val Lys Tyr Trp Gly Glu Trp Gly He Gly Asp Gly Thr He 
90 95 100 

ggg caa cgt tat ggt gca aca gtc aaa aaa tat aat ate att ggt aaa 4 82$ 

Gly Gin Arg Tyr Gly Ala Thr Val Lys Lys Tyr Asn He He Gly Lys 
105 110 115 120 
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tta tta gaa ggc ttg gee aaa aat cca tgg aat cgt cgt aat ate ate 4 875 

Leu Leu Glu Gly Leu Ala Lys Asn Pro Trp Asn Arg Arg Asn lie He 

125 130 135 

aac ctt tgg cag tat gaa gat ttt gag gaa aca gaa ggt ctt tta cca 4 9 24 

Asn. Leu Trp Gin Tyr Glu Asp Phe Glu Glu Thr Glu Gly Leu Leu Pro 

140 145 150 

tgt get ttc caa acg atg ttt gat gtc egt cga gaa aaa gat ggt cag 4972 

Cys Ala Phe Gin Thr Met Phe Asp Val Arg Arg Glu Lys Asp Gly Gin 

155 160 165 

att tat ttg gat gee aca ctg att caa cgt tea aac gat atg ctt gta 5020 

He Tyr Leu Asp Ala Thr Leu He Gin Arg Ser Asn Asp Met Leu Val 
170 175 180 

gec cac cat ate aat gcg atg caa tat gtt get ttg caa atg atg att 5068 

Ala His His He Asn Ala Met Gin Tyr Val Ala Leu Gin Met Met He 
185 190 195 200 

gca aaa cat ttt tct tgg aaa gtt ggg aaa ttc ttt tat ttt gta aat 5116 

Ala Lys His Phe Ser Trp Lys val Gly Lys Phe Phe Tyr Phe val Asn 

205 210 215 

aat tta cat att tat gat aat cag ttt gag cag gca aat gaa tta atg 5164 

Asn Leu His He Tyr Asp Asn Gin Phe Glu Gin Ala Asn Glu Leu Met 

220 225 230 

aag cga aca get tct gaa aaa gaa cct cgt ttg gtc ctt aat gtt cet 5212 

Lys Arg Thr Ala Ser Glu Lys Glu Pro Arg Leu Val Leu Asn Val Pro 

235 240 245 

gat ggt aca aac ttt ttc gat att aaa cct gaa gat ttt gaa ctt gtg 5260 

Asp Gly Thr Asn Phe Phe Asp He Lys Pro Glu Asp Phe Glu Leu Val 
250 255 260 

gac tat gag cca gta aaa cct caa ttg aaa ttt gat tta gca att 53 05 

Asp Tyr Glu Pro Val Lys pro Gin Leu Lys Phe Asp Leu Ala He 

265 270 275 



taaattaate 


tataagttac 


tgacaaaact 


gtcagtaact 


ttttttgtgg 


gaaaaatgta 


5365 


tttttatgac 


cgtaaagaat 


ctgtcagtag 


aagtctgaaa 


ttcgtttaaa 


aatcgactag 


5425 


aataggcttt 


aacgacaaga 


tgttttaaag 


agtaegctet 


aaatgtattt 


ttgtattttt 


5485 


gtttgattac 


gaagtttaaa 


tttaattgac 


aaatgtttta 


aaatgagtat 


aataggactt 


5545 


gtaaecgatt 


ttatttttat 


aaaggagaaa 


gaaagatgaa 


caaaccctca 


cttggaacag 


S60S 


cctttatagg 


ggctagctta 


ctgattggtg 


ggggtgctca 


tgcagatcaa 


atgtttatcg 


5665 


tttgtataat 


cataatactg 


gtgagcactc 


tatacaacta 


gtgggaeacc 


aaaagaatgc 


5725 


taatgtaagt 


gcgggttgga 


cttatgaagg 


tgtcggttgg 


atcgcaccaa 


caacaagttc 


5785 


aagcecagtt 


taccgtgtgt 


acaatccaaa 


tgcattatta 


cacaaaaagc 


aagtatgaag 


5B45 


cccaaagttt 


agtaaataag 


ggttggaaat 


gggataataa 


eggaaaggeg 


gtcttctatt 


5905 


ctggaggttc 


teaagcegta 


tatgtcgett 


ataatcccaa 


tgeacaatet 


ggcgctcaca 


5965 


attacaegga 


aagtagcttt 


gagcaaaata 


gcttattgaa 


tactggttgg 


aaatatgggg 


6025 


cagtagcttg 


gtaegggatt 


ggagtaaaaa 


acgaaatgtt 


aaacattget 


caaattgtta 


6085 


gtggtaattt 


ttetagtatt 


gttggaactt 


ggaaagatac 


ttctggaaat 


atgcttgaaa 


6145 
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ttaatgcaat 


gggaaatctt 


ThyA 102-ST25.txt 
actttaatat ggaaaggggc aaagaatcaa 


acctttgaac 


6205 


ttggcgcagg 


tcaacaattt 


aatggaactg 


cagatattgc 


ctta.aaaaat 


ggagagattt 


6265 


cccctggtag 


tccacttaac 


atttttgttg 


taccaacaga 


agtfcgctttc 


cctaataata 


(5325 


aaaaagtaga 


cgattcaact 


gggcaacaac 


gaatttttgt 


gaattattct 


ggtacaagcc 


6385 


ctcaaatggc 


gaatagtatg 


gcagcggtgg 


ctttttttag 


agttattcca 


tgattatatt 


6445 


aaagfctagaa 


ttgaataaaa 


tgtattafcta 


aaaagataat 


attatatcac 


gacaaggcga 


6505 


catctatcaa 


ctttaccact 


ggtatggaag 


tgaccattat 


tacatcagga 


aacgctaaaa 


6565 


cggttgtttt 


tacacccgta 


aaataaataa 


taaaataatg 


tgaaafctact gacagcattt 


6625 


tgtcagtaat 


tttttttatc 


aaaatcacac 


aaaaatgttc 


gttgacgaac 


aaaaaaaact 


6685 


atgttataat 


aattcgtatg 


cgaactaaaa 


aagaagcgat 


tggccgactt 


ttaaaagtag 


674S 


ccaorcaacca 


aatgtctcga 


gaatttgata 


attttgcagc 


tcaacttgat 


ttgacaggtc 


6B05 


agcaaatgtc 


aafcfcfcfcagat 


ttfccttggaa 


atcaaagcga 


agaaggttca 


ggaaaagaaa 


6865 


fctagtcagac 


gatgattgaa 


ttagaattta 


atatccgacg 


ttcaacaacg 


acggaaattt 


b y z. r> 


tacagcgcat 


ggaaaagcgg 


cttttaatta 


atcgaagaac 


aagcctgacc 


gatgcccgcc 


6985 


aaaaatcagt 


tgaattaact 


gaagaaggga 


aaagatattt 


acctgaaatc 


agggcttata 


7045 


tccaagcaca 


taataaaaaa 


gcttggcgta 


atcatggtca 


tagctgttt 




7094 



<210> 6 

<211> 279 

<212=> PRT 

<213> Lactococcus lactis 

<400> 6 

Met Thr Tyr AX a Asp Gin Val Phe Lys Gin Asn lie Gin Asn lie Leu 
1 " 5 10 15 

Asp Asn Gly Val Phe Ser Glu Asn Ala Arg Pro Lys Tyr Lys Asp Gly 
20 25 30 

Gin Met Ala Asn Ser Lys Tyr Val Thr Gly Ser Phe Val Thr Tyr Asp 
35 ~ 40 45 

Leu Gin Lys Gly Glu Phe Pro lie Thr Thr Leu Arg Pro He Pro He 

50 ' 55 60 ~ 

Lys Ser Ala He Lys Glu Leu Met Trp He Tyr Gin Asp Gin Thr Ser 
65 70 75 80 

Glu Leu Ser Val Leu Glu Glu Lys Tyr Gly Val Lys Tyr Trp Gly Glu 
85 90 95 

Trp Gly He Gly Asp Gly Thr He Gly Gin Arg Tyr Gly Ala Thr Val 
100 10 S 110 
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Lys Lys Tyr Asn lie He Gly Lys Leu Leu Glu Gly Leu Ala Lys Asn 
115 120 125 

Pro Trp Asn Arg Arg Asn He He Asn Leu Trp Gin Tyr Glu Asp Phe 
130 135 140 

Glu Glu Thr Glu Gly Leu Leu Pro Gys Ala Phe Gin Thr Met Phe Asp 
145 150 155 160 

Val Arg Arg Glu Lys Asp Gly Gin He Tyr Leu Asp Ala Thr Leu He 
165 170 175 

Gin Arg Ser Asn Asp Met Leu Val Ala His His He Asn Ala Met Gin 
180 185 190 

Tyr Val Ala Leu Gin Met Met He Ala Lys His Phe Ser Trp Lys Val 
195 200 205 

Gly Lys Phe Phe Tyr Phe Val Asn Asn Leu His He Tyr Asp Asn Gin 
210 215 220 

Phe Glu Gin Ala Asn Glu Leu Met Lys Arg Thr Ala Ser Glu Lys Glu 
225 230 * 235 240 

Pro Arg Leu Val Leu Asn val Pro Asp Gly Thr Asn Phe Phe Asp He 
245 250 255 

Lys Pro Glu Asp Phe Glu Leu Val Asp Tyr Glu Pro Val Lys Pro Gin 
260 265 270 

Leu Lys Phe Asp Leu Ala He 
275 

<210> 7 
<211> 1000 
<212> DtfA 

<213> Lactococcus lactis 
<400> 7 

atatacaatt gagcaaaaga aatttagtta fctaaattacc agctggagtt cctccaatgg 60 
ttgtagattc actaagtcca gcaattattt caatggtgat tttctgtttg atgttcggga 120 
ttcgtgtggg attctcttat acgccatt.cc atgatatttt caatttctca acacaactaa 180 
ttcaagcacc gttgactggt gctgtggcaa atecatgggt tcttatgggc atctttacct 240 
ttggtaattt cttatggttc tttggtatcc accctaattt aattggggga attttaaatc 3 00 
cattgttatt aacaatgtca tatgctaata ttgatgccta tgctgccgga aaacctgtac 360 
catacttaca aatgatgatt gtgtttgctg tgggtgcgaa cgcatggggc ggaagtggaa 420 
atacttatgg gttagttatt tcaatgttta cggcaaaatc tgaacgccat aaacaactat 480 
taaaattagg tgcaatxcct agtattttca atatcagtga accattactt tttggtcttc 54 0 
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Lad l_y QLvj L L 


a s a h /*• f 4 * i* **< f- f* 
a del LuLLClC 




c c u t gg t. c c c 


ccaaccagca 


attttaggaa 


600 


CUUL ay LdLL 


99y CT - ll y9 c a 


~» a rr a 4— +- ^ 4- 

aa^aLauuclL 


aca c tacaaa 


tctgaatcca 


atgaeggcac 


s~ r rs 


tcctcccucg 


gacgacacca 


gcacctgtga 


gaatggccat 


ttcaggtgga 


cttccatttt 


720 


tgattattut 


tgcaatctgfc 


ttagtcfctga 


atgtccttat 


tcactaccca 


ttctttaagg 


780 


tggcgtataa 


taaagcttta 


gaagaagaaa 


aagcagctgt 


tgaattagag 


ggttcagaaa 


840 


ctgcctgatg 


gatatttttt 


ataaatctgg 


tttgaacaaa 


ttatattgac 


atctcttttt 


900 


ctatcctgat 


aattctgaga 


ggttattttg 


ggaaatacta 


ttgaaccata 


tcgaggtggt 


960 


gtggtataat 


gaagggaatc 


aaaaaagata 


ggaaaatttc 






1000 



<210> 8 

<211> 24 

<212> DNA 

<213> Artificial 

<220> 

<2 21> misc^feature 

<223> oligonucleotide primer 

<400> 8 

atgacttacg cagatcaagt tttt 24 

<210> 9 

<2ll> 27 

<212> DNA 

<213> Artificial 

<220> 

<2 21> misc_f eature 

<223> oligonucleotide primer 

<400> 9 

ttaaattget aaatcaaatt tcaattg 27 

<210> 10 

<211> 20 

<212> UNA 

<211> Artificial 

<220> 

<221> misc_f eature 

<2 23> oligonucleotide primer 



<400> 10 

tctgattgag taccttgacc 20 

<210> 11 

<211> 22 

<212> DNA 

<213> Artificial 

<220> 

<221> misc__f eature 

<223> oligonucleotide primer 

page IS 
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<400> 11 

gcaatcataa ttggttttat tg 



22 



<2±Q> 12 

<211> 22 

<212> DNA 

<213> Artificial 

<220> 

<22 1> mis cofeature 

<223> oligonucleotide primer 



<400> 12 

cttacatgac tatgaaaatc eg 22 



<210> 13 

<2ll> 23 

<212> DNA 

<213> Artificial 

<220> 

< 2 2 1 > mi s c_f e a tur e 

<223> oligonucleotide primer 



<210> 14 

<211> 21 

<212> DNA 

<213> Artificial 

<220> 

<22l> miac_feature 

<223> expression unit comprising the lactococcal PI promoter, Che E.coi 



bacteriophage T7 expression signals, putative RNA stabilising s 
eguence and modified genelO ribosomal binding site 



<21Q> 15 

<211> 39 

<212> DNA 

<213> Artificial 

<220> 

<221> misc_feature 

<223> thyA-, Pl-T7-usp45-hILX0 



<400> 15 

agataggaaa atttcatgga ttaagtcatc ttacctctt 3 9 



<210> 16 

<211> 36 

<212> DNA 

<213> Artificial 



<400> 13 

cttttttatt attagggraaa gca 



23 



<400> 
gatta, 



14 

agtca tcttacctct t 



21 
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<220> 
<221> 




<400> 16 

agataggaaa atttcgatta agtcatctta cctctt 



<210> 17 

<2ll> 48 

<212> DNA 

<213> Artificial 

<220> 

<221> misc_feature 

<223> thyA promoter not included, theA- , Pl-T7-usp45-hlL10 



<400> X7 

tctgagaggt tattttggga aatactagat taagtcatct tacctctt 48 



<210> 18 

<211> 40 

<212> DNA 

<213> Artificial 

<220=» 

<221> misc_f eature 

<223> thyA-, usp45-hIL10 



<400> IS 

^aaatccgta actaactaga attaafccfcat aagttactga 
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